The considerations presented in the preceding paper were developed as an attempt to explain results obtained in studying living cells (1). It is desirable to test them on much simpler systems. Michaelis and Davidsohn (2), in some flocculation experiments, obtained data which support the above ideas in a qualitative way. They state that, if two amphoteric colloids are mixed, a combination may precipitate out whose flocculation optimum lies between their respective isoelectric points. Thus with nucleic acid and denatured serum albumin, with isoelectric points of 2 × 10 -1 and 4 × 10 -s respectively, there is a combination with optimum flocculation at a hydrogen ion concentration of 1.6 × 10 -4.
Method.
An ordinary potentiometer set up sensitive to 0.25 milHvolt, was employed. The hydrogen electrodes were of the type described by Bailey (3) . A saturated calomel electrode (4) was used in connection with a saturated KC1 bridge.
A series of solutions of hydrochloric acid and carbon dioxide-free sodium hydroxide was made up, each solution of definite known con- centration. Points on the titration curve were obtained by introducing 15 cc. of one of these solutions into a small glass-stoppered bottle with 10 cc. of a standard solution of the substance to be titrated, and the equilibrium hydrogen ion concentration of the resulting mixture determined. The difference between the normality of the acid or base diluted with 10 cq. of water and that diluted with 10 cc. of the glycine or the sulfanilic acid will give the amount neutralized. The original normality, •, is known and the latter can be obtained from the measured cH if we know the degree of ionization, i.e. the normality is equal to cH/a, where a is the degree of ionization, which value must be determined potentiometricaUy (5) . Thus the number of mols, n, of the HC1 or the NaOH neutralized by the glycine or sulfanllic acid is given respectively by the expressions: cH c0H n = z ----for HC1; a n d n = ~--~f o r N a 0 H a a
The only assumption involved is that at the same normality the acid o r a l k a l i ionizes to t h e s a m e e x t e n t in t h e p r e s e n c e of t h e glycine or sulfanilic a c i d as it does w h e n these are a b s e n t . T a b l e I gives v a l u e s of c H a n d c O H for v a r i o u s n o r m a l i t i e s of H C I a n d N a 0 H a t r o o m t e m p e r a t u r e , 20-22°C. B y p l o t t i n g N a g a i n s t c H or c O H , c u r v e s are o b t a i n e d b y m e a n s of which t h e norm a l i t y of a c i d or b a s e c o r r e s p o n d i n g to a n y h y d r o g e n or h y d r o x y l ion c o n c e n t r a t i o n m a y be read.
Titration of Glycine and of Sulfanilic Acid.--An ~/ 1 0 solution of glycine was prepared, and 10 cc. of this added to 15 cc. each of the various solutions of HC1 and NaOH. The resulting glycine concentration was thus 0.04. Table II gives the results with glycine. is the original normality of the HCI or NaOH after dilution from 15 to 25 cc., and n is the number of tools neutralized by the glycine, per liter of mixture. Table III gives, in condensed form, results obtained with certain concentrations of sulfanilic acid as well as certain other concentrations of glycine. The solubility of the sulfanilic acid prevented making an N/10 solution at room temperature, so the solution was made up at 40°C. using such a volume that 0.1 tool would occupy a volume of 1 liter at 20°C. A quantity was pipetted from this solution at 40 ° such that it would occupy a volume of 10 cc. at 20 °. As may be expected, acid titration of sulfanilic acid has little meaning, since at the pH where any effect may be expected, a very small change in E.M.F. corresponds to a large quantity of sulfanilic acid neutralized. Thus, except for glycine, only alkaline titrations are included.
In Tables III and IV , n represents mols of HC1 neutralized when it is above the center line, and tools of NaOH neutralized when below this llne. Table IV, which is analogous to Table III , gives results obtained from the titration of various tool ratios of glycine and sulfanilic acid. The concentration of glycine is given first in the ratios, i.e. the ratio 0.04/0.043 means a mixture containing 0.04 tool glycine and 0.043 tool sulfanilic acid per liter.
The curves in Fig. 1 are plotted from data obtained by titration of the 0.04 N glycine (Curve I), the 0.04 N sulfanilic acid (Curve II), and the 0.04/0.043 mixture of glycine and sulfanillc acid (Curve III). The alkaline titration of the sulfanilic acid (Curve II) is plotted on an abscissa~ scale 43/40 that of the other curves to compare its behavior easily with that of the mixture. The broken portions of the curves are drawn, not through directly determined experimental points, but through points calculated from the basic ionization constant of sulfanilic acid (6) . Abscissae give the tools of HCI, measured to the right of the zero line, or of NaOH, measured to the left of this line, neutralized, as calculated by the formula given above, while ordinates give the corresponding pH. Similar curves may be obtained by plotting in a like manner the data from the other titrations.
The striking thing about the curve is the high buffering action of the mixture of glycine and sulfanilic acid about a pH which, it will be shown, corresponds closely with the value that one would calculate for what has been termed the isoelectric point of the system, from the formula developed in the first paper of this series. Moreover, it will be noted that the behavior of the mixture as a seeming individual, at least with a characteristic curve differing from the curves of the components studied alone, is confined to that portion of the pH range between the respective isoelectric points of the components. At a pH above the isoelectric point of glycine the curve representing the behavior of the mixture is an exact duplicate of the glycine curve, displaced to the right, of course, by the amount of the sulfanilic acid concentration in the mixture. In the same way there is no reason to doubt that the curve below the isoelectric point of the sulfanilic acid, at a pH of 1.25 (6) , and that of the pure sulfanilic acid would also duplicate each other, though unfortunately, with this substance, that portion of the curve cannot be easily experimentally realized.
Calculation of the Amoun~ of Glycine Neutralized by Sulfanilic Acid.
--The total amount of glycine neutralized can be estimated by considering the expression + + H + glycine ffi G1 (glycine ion) + HOH
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where
Reading the titration curve at various known ratios of glycine ion concentration to that of unneutralized glycine, K may be evaluated. From the value of K the amount of glycine neutralized at any pH can be calculated. In the presence of NaOH this value is, through the pH range included in Table V , also the amount of glycine neutralized by the sulfanilic acid. When HC1 is also present one must subtract from the total glycine neutralized the amount neutralized by the HC1. This can be satisfactorily approximated by putting it equal to the sum of the increase in glycine ion and the decrease in sulfonate ion at any pH, referred to their respective concentrations in the absence of the HC1. Table V gives the results of such calculations for the mixture represented in Fig. 1 . Above the center line the mixture contains NaOH, while below, it contains HC1. Glycine ion is represented by G~, sulfonate ion by S, and their respective tabulated increments by AG~ and AS.
The mols of glycine neutralized by the sulfanilic acid are seen to pass through a maximum when there is neither HCI nor NaOH present. Such a mixture has a pH of 2.74. The theoretical value for the isoelectric point of such a system, it will be remembered from the first paper of this series, is obtained from the expression
where, in the present case, K~ is the acid ionization constant of the sulfaniUc acid, 7 X 10-*, and (HAOH) is its concentration in unionized where y is the hydrogen ion concentration corresponding to the pH of the isoelectric point of the system; x is the sulfonate (or glycine) ion concentration at this pH, which is the same in case of both ions; c is the total sulfanilic acid concentration, and K, its acid ionization constant; c r is the total glyciae concentration, and K~ its basic ionization constant. Table VII gives certain results of the same nature as those included in Table VI but for a few other pairs of substances. In connection with the work presented in the following paper a sample of lysine was prepared from hydrolyzed casein. The ionization constants of this substance are evidently not very accurately known, probably since it is difficult to prepare it with a high degree of purity. Scudder (7) gives for K , about 1 × 10 -11, and for Kb "less than 1 × 10-r. '' From Tague's titration of lysine dihydrochloride (8) one m a y calculate the value of K,, which is found to be 1.2 × 10 -11, but, though the second basic ionization constant can be obtained from his curve, the first, which is the significant one, cannot. Solutions of the sample prepared for this work gave a pH to water of 8.8, which, using 1.2 × 10 -n for K,, gives the value 5 × 10 -s for the first K~. It is almost impossible to be sure that one has not a trace of sulfuric acid in such a preparation, however, and for the calculations of the theoretical pH values given in Table VII the value 7 X 10 -8 was used. The agreement between the observed and calculated values of the isoelectric points of these systems, though still quite satisfactory, is not so good as in Table VI . This may be due partly to the problematical value of Kb, for lysine used in calculating the theoretical values, and partly to the fact that small changes in the tool ratio have a much larger effect on the pH than is true for glycine and sul- fanilic acid, and thus small errors in the total concentration, which may be the case for the lysine, will contribute largely to the discrepancies. The agreement is, however, considered good. It will be noted that in the last instance the glycine is playing the r61e of the acid constituent of the mixture, as it is now at a pH above its isoelectric point.
SUAr~ARY.
Electrometric titrations of glyclne, sulfanilic acid, and various mixtures of the two have been made. These mixtures are shown to give a curve which, between their respective isoelectric points, is different from that of either substance. These mixtures have a maximum buffering power at a pH which can be theoretically calculated, and which has the characteristics of an "isoelectric point of the system."
Other pairs of ampholytes are shown to act in an analogous manner.
